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Abstract
In this paper an adaptive median filtering denoising algorithm is proposed to measure yarn 
diameter and its unevenness. Images of nine different yarn samples were captured using one 
set of a self-developed yarn image acquisition system. Image separation of the background 
and yarn sections was conducted using a combination of adaptive median filtering, adaptive 
threshold segmentation and morphological processing. The noise-free yarn image was used 
for diameter detection of the subsequent yarn image and the discrimination of the yarn 
unevenness. Experimental results show that the testing data of yarn unevenness detection 
based on the adaptive median filter denoising algorithm is very consistent with the data 
using the traditional method. It is proved that the yarn detection method proposed, based on 
an adaptive median filter denoising algorithm, is feasible. It can be used to calculate yarn 
diameter accurately and measure yarn unevenness efficiently, so as to determine the quality 
of yarn appearance objectively.

Key words: adaptive median filtering, denoising algorithm, yarn diameter, unevenness, 
image processing. 
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ing it difficult to evaluate the yarn grade 
quality objectively [5]. Meanwhile, the 
measurement method with a capacitance 
sensor is also easy to be affected by var-
ious environmental factors, such as the 
temperature and humidity of the sample 
to be tested. Evidently, it is also difficult 
to evaluate the quality of yarn appear-
ance accurately [6].

In this paper an adaptive median filter de-
noising algorithm for detecting yarn di-
ameter and unevenness is proposed based 
on computer image analysis technology. 
This image-based measurement method 
has the advantages of removing the sub-
jective factors of the test staff and the im-
pact of the test environment. The digital 
yarn blackboard image obtained could be 
used to measure yarn diameter and une-
venness objectively. It is a digital method 
to evaluate yarn quality objectively and 
realistically [7]. Although there have 
been related researches in the field of 
measuring the quality of yarn using com-
puter images [8-10], some improvements 

	 Introduction
The diameter and unevenness of yarn are 
always considered as the most critical 
quality parameters for yarn and fabric, 
especially the appearance quality of yarn 
and fabric products. They are the most 
critical parameters for the appearance 
and style of textile products. Therefore, 
it is very important to have good quality 
control of yarn thickness and its variance 
during the process design and production 
of textiles [1-3]. 

The appearance parameters of the yarn 
mainly include yarn hairiness, fineness, 
and the unevenness of the diameter. 
These parameters directly affect physical 
properties such as the strength, elonga-
tion and wear resistance. They also af-
fect the visual appearance of the fabric 
[4]. The process of the commonly used 
yarn diameter and unevenness detec-
tion method is usually complicated and 
cumbersome, as it is easily affected by 
the subjective factors of the judges, mak-

are still necessary, such as system adap-
tivity, robustness of the algorithm, effi-
ciency and reliability. This study, based 
on an adaptive median filtering denoising 
algorithm, contributes to the improve-
ment of image analysis algorithms used 
for yarn diameter and unevenness. 

	 Yarn image acquisition
This experiment used an Epson V700 
Photo Scanner (Shenzhen zhisheng tech-
nology co. LTD, Japan), a YG381 Shaker 
Blackboard Machine (Ningbo Textile In-
strument Factory, China), a YG136 auto-
matic yarn evenness tester (Ningbo Textile 
Instrument Factory, China), a “QUICK 
START Motor” (Shanghai gantuo trading 
co. LTD, Japan), an NXP Drive Motor 
Controller (Dongguan changwang elec-
tronics co. LTD, Holland), and a D60B 
Power Supply (Fuzhou chengyue automa-
tion equipment co. LTD, China).

The Epson V700 Photo Scanner (Shen-
zhen zhisheng technology co. LTD, Ja-
pan) was connected to the computer via 
a USB 3.0 cable. The resolution of the 
scanner was set at 1200 dpi. The actual 
size of the Yarn Blackboard was 25 cm × 
14 cm. Images for 9 different yarn sizes 
were taken, with a resolution of 500 dpi 
× 500 dpi, shown in Figure 1. Specifica-
tions of the yarns are shown in Table 1.

	 Yarn image processing
Interference factors, such as system 
noise, insufficient exposure intensity 
etc., will cause a certain difference be-

Table 1. Specifications of 9 different yarns.

Yarn 
No. Yarn type Density, tex Plied  

of yarn
Tenacity,

cN/tex
TMP,

T/10 cm
1 Cotton 14.2 1 12.4 128.4
2 Cotton 18.4 1 16.5 144.2
3 Cotton 26.1 1 20.4 139.5
4 Cotton 21.2 2 22.6 155.2
5 Cotton 20.2 1 15.8 129.2
6 Cotton 18.2 1 15.5 142.9
7 Cotton 27.9 1 24.3 160.2
8 Polyester / Viscose (65/35) 26.2 2 23.5 164.5
9 Cotton / Viscose 29.4 1 27.8 169.4
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tween the image acquired and the orig-
inal object during the process of image 
formation and processing. They can re-
sult in the difficulty of image processing 
and analysis. Image preprocessing can 
remove the background noise and effec-
tively retain edge information of the yarn 
trunk surface [11]. Useful features of 
yarns could be extracted after the combi-
nation of image preprocessing, including 
greyscale conversion, histogram equal-
isation, adaptive median filtering, adap-
tive threshold segmentation and morpho-
logical processing [12].

The principle of pre-treatment area se-
lection is that the hairiness areas selected 
should be complete with good contrast, 
and the yarn images selected can basi-
cally represent the overall morphological 
characteristics of the yarns [13]. The ad-
vantage of yarn image section can reduce 
the algorithm cost of image processing 
and minimise the interference of the en-
vironment with the image quality, which 
can accelerate the efficiency of yarn ap-
pearance evaluation [14]. The method 
of yarn image selection is conducted ac-
cording to a certain procedure. The phe-
nomenon of hairiness located both inside 
and outside the image frequently exists; 
however, when the hairiness is located 
outside the image, it does not really re-
flect the real information of yarn during 
the detection, and therefore it is appro-
priate to remove these image regions by 
cropping [15]. 

Greyscale processing
The original yarn image used for pre-
processing in this paper was firstly pro-
cessed by image conversion from colour 
to greyscale. After the image conver-
sion, the speed of the image processing 
and analysis can be improved to reduce 
the calculation time. In this paper, the 
original RGB image was converted 
into a greyscale image by an arithmetic 
weighting algorithm.

The intensity values of the RGB image 
corresponds to three channels: R, G, and 
B, each of which is assigned a certain 
weight ratio. In the method of arithmetic 
weighted averaging, the algorithm per-
forms weighted averaging according to 
the weight ratio assigned. The greyscale 
value of each pixel could be calculated to 
obtain a greyscale image. 

The human sensory system is not sen-
sitive to different colours. Green is the 

Sample 1 Sample 2 Sample 3

Sample 4 Sample 5 Sample 6

Sample 7 Sample 8 Sample 9

Figure 1. Images of yarn samples.

Sample 1 Sample 2 Sample 3

Sample 4 Sample 5 Sample 6

Sample 7 Sample 8 Sample 9

Figure 2. Grey image of yarns.
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most sensitive colour for people, with 
blue slightly sensitive than green [16]. 
Therefore, it is possible to increase the 
proportion of the G channel and slightly 
reduce the proportion of the B channel in 
the mapping function. A more reasonable 
greyscale image can be obtained by the 
mapping function of the following Equa-
tion (1).

H = 0.2989R + 0.5870G + 0.1140B (1)

Where, H = the grey value of the pixel 
in the yarn image, and R, G, and B are 
the luminance values of red, green, and 
blue in the colour image, respectively. 
Figure 2 shows a greyscale image after 
greyscale conversion of the image ac-
quired by the scanner.

Grey scale adjustment
Th yarn samples and yarn standard tem-
plates were placed on the scanner glass 
platform for image scanning. During 
the process of colour image acquisition, 
factors such as scanner parameters and 
illumination problems may lead to un-
clearness or an uneven grey scale (darker 
or bright) of the yarn image. The contrast 
between the yarn and the background in 
the image is not obvious enough, due to 

.

a) Original image b) Histogram equalisation image

c) Histogram of original image d) Histogram of equalisation

Figure 3. Yarn image before and after histogram equalisation. 

Sample 1 Sample 2 Sample 3

Sample 4 Sample 5 Sample 6

Sample 7 Sample 8 Sample 9

Figure 4. Yarn image after common median filtering.
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existence of invalid hairiness grey infor-
mation [17]. Greyscale correction can be 
used to improve the contrast of the image 
and is a means of image enhancement 
that increases the dynamic range.
The original image of the yarn, shown in 
Figure 3.a, is not clear, and the contrast 
between the yarn and the background 
is not obvious enough. After histogram 
equalisation, the contrast between the yarn 
and the background could be enhanced, as 
shown in Figure 3.b. The yarn hairiness 
in the image becomes clear, and some de-
tails that are not obvious in the original 
image can be observed. The reason is that 
the grey level interval could be enlarged 
after the histogram equalisation. The new 
grey level interval is close to the normal 
distribution. This method can improve the 
accuracy of subsequent image analysis.

Adaptive median filtering
The greyscale image after background 
elimination needs to be denoised and 
then the image processed using the 
threshold segmentation algorithm. This 
operation can eliminate the interference 
of hairiness and noise, as a result of 
which segmentation of the yarn image is 
better [18]. 

Observing the image processed by the 
median filter in Figure 4, it can be seen 
that the edge of the yarn image processed 
is blurred. The image is distorted relative 
to the original one. 

After adaptive median filtering, the yarn 
core is better preserved, and interference 
information is better separated from the 
yarn. Therefore, this paper proposes 
a new denoising method – adaptive me-
dian filtering denoising which can solve 
the problem of blurred images. The adap-
tive median filter is mainly used in the 
following two steps to process the image. 

Firstly, determine the maximum radius 
of the filter, and then use an appropriate 
radius r of the image filtering. Calculate 
the pixel grey Imin, Imax, Imed at the cur-
rent filter radius, then determine whether 
Imed is between [Imin, Imax], and if so [Imin, 
Imax], reduce the filter radius r, otherwise 
continue to expand the current filter radi-
us r until it equals the maximum filter ra-
dius. Secondly, if the current pixel being 
processed is Img(i, j) between [Imin, Imax], 
then output the current pixel; otherwise 
output pixel Imed. In this paper, a filter 
radius of r = 3 was used in the experi-
ment. When r = 3, the de-noising effect 
of the images is desirable; when r is too 

Sample 1 Sample 2 Sample 3

Sample 4 Sample 5 Sample 6

Sample 7 Sample 8 Sample 9

Figure 5. Yarn image after adaptive median filtering.

Figure 6. Grey histogram of yarn image.
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big, yarn body images will be eliminat-
ed as noise, and when r is too small, the 
de-noising effect is not ideal. De-noising 
images for filter radius r = 3 are shown 
in Figure 5.

Adaptive threshold segmentation
The yarn is bright and the background 
dark in the yarn image, which can repre-
sent the level of grey. The bimodal meth-
od is suitable for an image with a strong 
contrast between the background and 

the target, which is suitable for process-
ing the image above. Figure 6 is a grey 
histogram of the images. The left peak 
in the histogram represents the darker 
background, and the right peak – most 
grey levels in the yarn. The presence of 
troughs between the two peaks is due 
to the small number of pixels between 
them near the yarn boundary. Under nor-
mal circumstances, the valley bottom is 
selected as the grey threshold. From the 
grey histogram, it can be observed that 
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Sample 1 Sample 2 Sample 3

Sample 4 Sample 5 Sample 6

Sample 7 Sample 8 Sample 9

there are many small peaks and valleys 
on the curve. The value of the valley is 
not easy to be determined, as it is always 
disturbed by noise. The minimum val-
ue is usually not treated as the expected 
threshold, since it deviates from the ex-
pected value [19-20].

In this experiment, an improved thresh-
old segmentation method is proposed 
which chooses a position between two 
peaks, such as the midway position be-
tween them. Generally, to reduce noise 
interference, the selection of the peak 
value is more reliable than the valley 
floor, because the peak value represents 
the typical value inside and outside the 
region. Experiments show that the im-
age segmentation effect is more ideal 
and the yarn core image clearer when the 
improved method is used for threshold 
segmentation. 

Morphological processing
After the yarn image is divided by thresh-
old segmentation, the hairiness of the 
yarn is not completely eliminated. Ac-
cording to the definition of the drilling 
operation, the process of corrosion treat-
ment and expansion treatment is called 
the drilling operation. The function of the 
opening operation is to eliminate small 
objects and large smooth objects without 
changing the area of the large ones. Its 
function principle is to use structural ele-
ment B to open the operation to image A.

	 Experimental results  
and data analysis

The number of pixels and millimetres in 
the average diameter of each yarn is con-
verted by the resolution. According to the 
definition of the resolution, it refers to the 
number of pixels per inch. Since 1 inch is 
equal to 25.4 mm, we get Equation (2).

1 pixel ≈ 1/resolution × 25.4 mm  (2)

The resolution used in this paper is set as 
1200 dpi. According to Equation (2), the 
conversion relationship between the pix-
els and millimeters is Equation (3).

1 pixel = 0.02 mm    (3)

Table 2 shows the average diameter and 
deviation of the superior yarn and the 
original yarn sheet measured by the image 
processing method. It can be seen from 
Table 3 that the deviation between the 
image detection result and the capacitance 
method detection result is small. The con-
clusions above indicate that the image 
detection results have a scientific, theo-

Sample 1 (T = 60) Sample 2 (T = 55) Sample 3 (T = 65)

Sample 4 (T=55) Sample 5 (T = 57) Sample 6 (T = 63)

Sample 7 (T = 60) Sample 8 (T = 55) Sample 9 (T = 56)

Figure 7. Yarn images after adaptive threshold segmentation.

Figure 8. Morphologically processed yarn image.
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retical basis, consistent with the actual 
yarn diameter test results. The experiment 
calculates the single yarn diameter di, the 
average value and the number of yarns n.

The sliver unevenness calculation formu-
la is as shown in Equation (4).

Sample 1 Sample 2 Sample 3

Sample 4 Sample 5 Sample 6

Sample 7 Sample 8 Sample 9
Fig. 8 Morphologically processed yarn image 

4. Experimental results and data analysis 

The number of pixels and millimetres in the average diameter of each yarn is converted by the 
resolution. According to the definition of the resolution, it refers to the number of pixels per inch. 
Since 1 inch is equal to 25.4 mm, we  get  formula (2).

1 pixel≈1/resolution ×25.4mm                        （2）
The resolution used in this paper is set as 1200dpi. According to formula (2), the conversion 

relationship between the pixels and millimeters is formula (3). 
1pixel=0.02mm                                  （3）

Table 2 Average diameter of 9 different yarns 

Yarn No. Yarn Type Average 
Diameter（mm）

Deviation
（%）

αm

1 superior yarn 1# yarn 0.165 1.2% 343.2
2 superior yarn 2# yarn 0.160 0.6% 336.2
3 superior yarn 3# yarn 0.158 4.8% 273.1
4 primary yarn with slubs 1# yarn 0.178 6.7% 337.1
5 primary yarn with slubs3# yarn 0.175 1.7% 27.5
6 primary yarn with fine end1# yarn 0.155 1.2% 334.0

7 primary yarn with fine end 3#
yarn 0.157 1.3% 304.9

8 primary yarn with neps 1# yarn 0.170 5.2% 321.5
9 primary yarn with neps 3# yarn 0.166 1.2% 312.4

Table 2 shows the average diameter and deviation of the superior yarn and the original yarn sheet 
measured by the image processing method. It can be seen from Table 3 that the deviation between 
the image detection result and the capacitance method detection result is small. The conclusions 
above indicate that the image detection results have a scientific, theoretical basis, consistent with the 
actual yarn diameter test results. The experiment calculates the single yarn diameter di, the average 
value 𝑋𝑋  and the number of yarns n. 

The sliver unevenness calculation formula is as shown in formula (4). 
CV = 1

𝑋𝑋  
1
𝑛𝑛  (𝑋𝑋𝑖𝑖 − 𝑋𝑋 )2 × 100%𝑛𝑛

𝑖𝑖=1                            （4）

𝑋𝑋  is the number of pixels in the average diameter of each frame of yarn. n the number of 
 (4)

is the number of pixels in the average di-
ameter of each frame of yarn. n the num-
ber of lines in the yarn image per frame. 
and is the number of pixels actually occu-
pied by the yarn.

The results of this experiment were com-
pared to the diameter and unevenness 
measured by the Uster tester. As illus-
trated in Table 3, the results of the two 
methods are very similar, and the accura-
cy of the image method can be obtained. 
The maximum deviation rate of the 
measurement results of the two methods 
is only 4.4%, and the image measurement 
process is not limited by environmental 
conditions and human factors.

	 Conclusions
In this paper, nine different types of yarn 
images were obtained through a self-
made yarn image acquisition system. 
Based on the background of the yarn 
image, one set of algorithms of adaptive 
median filtering, adaptive threshold seg-
mentation and morphological open pro-
cessing is proposed. The resulting clear, 
noise-free yarn image can be used to de-
tect the yarn diameter and irregularities. 
The results show that the yarn irregular-
ity detected by the adaptive median filter 
denoising algorithm is very close to the 
unevenness detected by the YG136A strip 
uniformity tester. Therefore, the image 
yarn detection method proposed, based 
on the adaptive median filtering denois-
ing algorithm, is feasible. It calculates the 
yarn diameter and unevenness accurately 
and efficiently, thus objectively reflecting 
the appearance quality of the yarn.
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